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Abstract 
A large number of technological equipment is used in development, transport, storage and primary processing of hydrocarbons 
produced in the Far North. The telemetry and remote control systems development of this equipment has its own characteristics. 
The authors introduced the concept of developing such a system. The concept is based on the wireless collecting system of 
vibrodiagnostic data and developed a digital high-speed communications network of SV range navigation data already developed 
at Omsk State Technical University. The first is focused on collecting data from a of wireless sensors network within a radius of 
several hundred meters, the second is focused on transferring data over long distances in the range of medium waves. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Development of the Arctic and the Far North has a large national and scientific importance. These areas hide vast 
reserves of minerals. There is an active development of minerals in recent years. In the development, initial 
processing and transportation of raw materials there is used a large number of process equipment, which often 
operates in automatic mode. Accordingly, there is the task of monitoring its condition, the transmission of telemetry 
data and remote control. The development of radio communication systems and, in particular, telemetry and remote 
control for the Arctic and the Far North areas has following features:  
x extreme climatic conditions;  
x long distances between objects;  
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x a large number of monitored parameters at each facility;  
x no possibility of data transmission via cellular networks due to lack of coverage from the mobile operators;  
x low level industrial interference at all frequencies.  
Satellite communications has the main disadvantage: its high price, which includes the cost of the deployment of 
space, and most important thing is incomplete cover areas, especially in northern latitudes. In addition, the high cost 
of the terminal equipment of the subscriber. All these factors motivate the developers to seek new technical and 
technological solutions in the development of such systems.  
2. The choice of frequency bands for the development of the system 
Recently, the development of data transmission systems has a tendency to increase operating frequency. This is 
due to the increase in the volume of information to be transmitted, a change in its nature. As a consequence, there is 
a need to increase the data rate, which is possible with the modulated frequency band extension. This, in turn, is 
possible by increasing the nominal carrier frequency. The communication range of subscribers on the ground (point 
- point) is in the range of VHF limited line of sight antennas, depending on the power of the transmitter it ranges 
from a few hundred meters to several kilometers. Advantages of VHF equipment are small dimensions, including 
antennas, low costs. There are a large number of highly integrated chips to develop such equipment. In addition, 
there are several frequency bands, with no need to obtain permission to use them and record radio-electronic means, 
subject to limitations on the power of the transmitter and the band of frequencies occupied. In particular, it ranges 
433 MHz, 868 MHz and 2400 MHz. It should be noted that increasing the operating frequency increased the space 
attenuation for propagation. From this point of view, the most attractive range is of 433 MHz. The main drawback of 
this range is that it runs various household radio systems - from car alarms to amateur radio stations, which create a 
large amount of noise in the development of industrial communication systems in this range. However, in the Arctic 
and in the Far North the population density is very low and, as a consequence, in the range of 433 MHz interference 
environment is favorable.  
HF traditionally are used to develop long-distance ionospheric (up to thousands of kilometers) and ultra-long 
range radio links (several thousand kilometers). Modern equipment has high consumer characteristics, widely 
represented in the market and is actively used. The main drawback of short wavelength is dependent propagation 
conditions on the state of the ionosphere. Application of HF is often difficult or impossible in the Arctic. This is due 
to changes in the structure of the ionosphere under the influence of the Sun and the proximity of the magnetic poles 
of the Earth. In periods of solar activity ionization of the D layer of the ionosphere increases sharply, and then 
reflection of radio waves from the ionosphere occurs in radio and HF becomes impossible.  
The traditional use of MF range is broadcasting, maritime communications, driving beacons. In the daytime the 
ionosphere disturbance increases and MF range propagation is mainly due to the surface (of the earth) wave (Fig.1). 
At night, the waves reflected from the ionosphere can be taken over long distances.  
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Fig. 1. Possible ways of MF radio propagation range. 
Thus, the ionosphere has a minimal impact on the stability of the radio channel, provided the use of surface 
waves. In the near zone (200 - 300 km) channel MF range can be viewed as a channel with additive white Gaussian 
noise (AWGN). Feasibility-horizon communication is comparable with VHF channel quality. Factors limiting the 
applicability of the MF range are:  
x limited frequency resources;  
x the lack of modern domestic mobile communication radio transceiver;  
x the lack of effective small-sized antenna technology with "antisky" directivity giving a maximum radiation along 
the ground and providing operation primarily because of surface waves; 
x large industrial noise levels in areas with a dense infrastructure.  
The studies found out that the preferred range of frequencies to create a high data transmission network is the 
range of 495 ... 505 kHz. The choice stems from the fact that the frequency of 500 kHz according to the 
recommendations ITU-R M.2010 is no longer a global distress alerting frequency [5]. From a technical point of 
view of 10 kHz bandwidth, the use of modern digital modulation types is enough to implement in a communication 
channel of relatively high data rates (tens of kbit/s).  
3. Selecting a block diagram of the monitoring system development  
The authors propose a concept of developing a system of monitoring and control of equipment, based on a 
combination of wireless sensors operating in the unlicensed 433 MHz range, in terms of collecting and processing 
information, and a network of digital data transmission over long distances, operating in the range of MF (Fig.2) .  
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Fig. 2. The structure of the monitoring system. 
The network of wireless sensors can be developed either as a self-organizing network, or as a network with a 
rigidly predetermined topology. Circuitry and algorithms of the object of the network equipment first type must 
necessarily be capable of relaying messages from other sensors. In the case of networks with rigidly predetermined 
topology a wireless radio transmission between the sensors themselves is possible as well, as only the information 
acquisition unit, when the network topology may be only "star." It should be noted that in the majority of industrial 
monitoring systems implemented technological equipment self-organizing network is used. [4] In fact, in the process 
of self-organization system finds the optimal active time data transmission path. As a result of "instant" network 
topology (route of transmission of the data packet) can be arbitrary. The main disadvantage of networks with a tree 
structure is the existence of "bottlenecks" - parts of the network where data packets are transmitted from several 
wireless sensors. Obviously, the delivery time of the data packet in a network with a tree topology depends on the 
location of the wireless sensor network. Another important point is the power consumption of each of the wireless 
sensors as it greatly depends on its location in the network topology, and this can be critical in the autonomous 
battery powered systems. Also, without a direct link between each point of the wireless sensor and telemetry data it 
is impossible to organize simultaneous launch of the measurement signals from the sensors.  
4. The choice of the modulation system 
In the development of wireless data transmission systems there is one the most important tasks - the optimization 
of the radio spectrum in terms of improving the spectral efficiency of the radio signal. Energy efficiency 
characterizes the energy consumption for signal transmission with the required quality, and includes both the bit-
error probability dependence on the signal/noise ratio, and the efficiency of the power amplifier of the transmitter. 
As follows from [3], devoted to the analysis of efficiency of use of the radio spectrum ISM band transmitters, the 
best choice seems GMSK modulation type.  
Because of limited frequency resource in the MF range the use of the band width of only 10 kHz is available in 
the range of 495 ... 505 kHz. The digital data stream is scheduled to be transmitted at speeds up to 30,000 bit/s in the 
band of 10 kHz with automatic adaptation according to the transmission rate and signal constellation of the code. 
Considering the ratio of data rate to bandwidth and modulation types analyzed by spectral energy characteristics, it 
was concluded that the use of channel signals in MF 4 PSK, QAM-16 and QAM-32, depending on the interference 
situation. Selection of signal-code development signals showed that the best noise immunity at the selected data rate 
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provides the use of a block turbo-code, which allows achieving the required reliability of data at a lower bit 
signal/noise ratio than a Reed-Solomon code.  
5. Development issues of system parts interaction  
The main tasks assigned to the subnet wireless sensors are initial conversion, data processing, sensors and their 
transfer to the upper level of the primary storage device and information processing. This device can be realized on 
the basis of a computer with a connected transceiver. For reasons of scalability and opportunities for further 
development and harmonization of the system, it makes sense logically and physically to separate devices primary 
into conversion and processing sensor signals from a network of information transmission. In fact, the information 
network should be "transportation" for the exchange of data packets between the top-level software modules and the 
primary conversion and processing of sensor signals. This solution will further independently develop both own 
devices, methods and software for processing sensor signals and a system for collecting and transmitting 
information. This approach can be further unification of data transmission system and its use in other industrial 
control systems and diagnostics. Let us consider the structure of the device of the primary processing and storage of 
information (Fig.4).  
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Fig. 3. The structure of the primary processing device and information storage. 
The RNC implements the communication protocol with the network of wireless sensors. Accepted packages are 
sent on the Ethernet interface on the PC. Customer software collects the data and determines their criticality and 
priority dispatch of MF channel at the point of centralized supervision and monitoring. Data on the priority and 
criticality of the software is received from the database. This is required because communication channels in the 
UHF and MF bands will have a different bandwidth. Moreover, the "bottleneck" will be just a communication range 
due to a narrow band communication channel. Requirements for the communication channel telemetry systems and 
remote control are made up of the character of the transmitted information (Fig.5):  
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Fig. 4. The structure of the primary processing device and information storage. 
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For monitoring and control functions critical parameters of the equipment operation is required in real time. A 
small amount of data transmitted, requires fast response time of the system. Basic functions of management and 
basic monitoring functions require several large volumes of data transmitted, but the work in real time is required. 
Function firmware update system components require relatively large amounts of information to be transmitted, the 
lowest time requirements of data delivery.  
The model of interaction of the system components is presented in Fig.5. 
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Fig. 5. Model of interaction of the system. 
Parts of the system interact are via signaling messages. The proposed model provides for several levels. The first 
level (L1) are messages directly between the center of the maintenance and management of the software and the user 
of the remote object. Modems ST range radio link are interconnected and represent the transport medium for 
message delivery level L1. The radio channel is implemented proprietary protocol of level L2. This level includes 
the level of information blocks L1, supplemented messaging level L2, which provide implementation mechanisms 
repeats incorrectly received messages, adjusts the bit rate according to the indicators of quality of the radio channel, 
testing the quality of the radio channel.  
Similarly, the interaction of the user software level L1 contains the signaling messages between the application 
software and sensors. This assumes that the signal directly from the physical quantity sensor is converted into digital 
form by the ADC, and all the protocols implemented in software based on a microcontroller or FPGA. At the level 
of L2 implemented snooze function incorrectly received messages, addressing mechanisms of sensors in the 
network, enable power saving modes, and more.  
6. Conclusion 
In areas of the Arctic and the Far North today public data network is almost completely absent. The deployment 
of data transmission network in the medium range allows with minimal cost to provide monitoring and control of 
process equipment in the fields and product. The presented concept is far from complete and requires detailed work 
within R&D. Nowadays OmSTU has already developed a system for the transmission of telemetry data in the range 
of 433 MHz and MF radio equipment, including both digital radio and compact high-performance antenna. In fact, 
for the realization of the presented concept of AI there requires software writing and system integration of existing 
equipment.  
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